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PREFACE 

This technical release is the fdrst of a series of technical releases 
envisioned by the Design Branch. The series pertains to the propor- 
tioning of earth dams. The main objective of this technical release 
is to provide a simple procedure for the explicit determination of 
spiLLway width while satisfying stability and any capacity require- 
'ments. 

This technical release is concerned with various aspects for the 
dimensioning of broad-crested emergency spillwsys and provides tools 
for these evaluations. Means are furnished for determining the magnitudes 
of errors involved in using various approximate procedures and rela- 
tions. The evaluation of the required emergency spillway capacity is 
not considered herein. 

A number of future technical releases will be concerned with the deter- 
mination of 

a. required spillway capacity, 

b. optimum dam at a site, and 

C. optimum configuration of structures in a watershed. 

Values of parameters used in the preparation of the ES-drawings were 
obtained by the use of a digital computer. The several programs re- 
quired for this work were written in FORTRAN IV by the Design Unit. 
The programs were compiled and executed on IBM 360 equipment by the 
Washington Data Processing Center, Statistical Reporting Service, USDA. 

This technical release was written by Mr. Paul D. Doubt, Head, Design 
Unit,'with the assistance of: 

Edwin S. KLling Hun J. Coon 

Stephen M. Boysen Joan F. Robison 

John A. Erevard 

Mr. Drevard contributed much to the layout and preparation of the 
ES-drawings. The technical release was typed by Mrs. Dorothy A. Stewart. 
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HYDRAULICS OF BROAD-CRESTED SPILLWAYS 

Introduction 

This technical release pertains to the hydraulics of broad-crested spill- 
ways, both trapezoidal and rectangular. Such spillways usually function 
as emergency spillways and msy be earth, vegetated, rock, or structural. 

Broad-crested spillways ma.y or may not have a control section. Although 
this technical release is primarily directed toward the evaluation of 
certain parameters for a spillway having a control section, it contains 
information concerning the hydraulics of a spillway without a control 
section. 

In this discussion, the inlet channel of a spillway having a control sec- 
tion is considered to have a bottom profile composed of a horizontal slope 
extending from the control section to the reservoir or of a horizontal 
slope immediately upstream from the control section and a negative slope 
(or slopes) extending from the horizontal section to the reservoir. 
Moreover, only spillways of the same bottom width and side slopes through- 
out their lengths are considered. 

The symbol so will be used to designate the various bottom slopes of 
either the inlet or the exit channel of the spillway. Wherever so is 
used, the text or drawing indicates the particular slope under considera- 
tion. 

!Chis technical release considers spillways having a wide range of values 
of: 

1. spillway bottom widths, b, (25 ft 5 b 5 400 ft); 

2. side slopes, z, (0 4 z 5 4); 

3. Manning's roughness coefficient, n, (0.02 5 n 4 0.08); and 

4. inlet channel lengths, L. 

Procedures are presented for: 

1. the evaluation of the permissible critical specific 
energy head, Hecr corresponding to a permissible 
velocity, vp, and exit channel bottom slope, so; 

2. the evaluation of the head, HP, in the reservoir over 
the crest of the spillway corresponding to the critical 
specific energy head, I&; 

3- the evaluation of the required spillway bottom width, b, 
corresponding to the critical specific energy head, Hec, 
and the required discharge, Qj and 

4. the evaluation of the critical slope, scU4, corresponding 
to the discharge Q/4 where Q is the disiharge corresponding 
to Hec- 
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The procedures yield answers quickly and with sufficient accuracy for 
final design. Since results can be obtained quickly, the procedures 
can be used equally advantageously for planning. 

Although numerous ES-drawings are presented in this technical release, 
the usual spillway design requires the use of only one sheet from each 
of the ES-drawings 170, 171, and 174. Other graphs and ES-drawings 
have been included for two reasons; 

1. to aid in the evaluation of design parameters for spillways 
of unusual dimensions, and 

2. to provide a method of establishing the magnitude of error 
incurred by the various approximations employed. 

A subsequent technical release will give procedures for evaluating, 
prior to the determination of the spillway width, b, the required 
capacity, Q, corresponding to a head, HP, over the crest. This evalu- 

ation involves reservoir routing. 

Relation of HP vs Hec is nearly independent of Q and b 

Usually, a spillway has a control section. When a spillway has a control 
section, the depth of flow and the specific energy head at the control 
section for a discharge, Q, are equal to the critical depth and the criti- 
cal specific energy head corresponding to Q, respectively. The critical 
specific energy head, Hec, is the minimum specific energy head for the dis- 

charge, Q. Thus, for the discharge, Q, the specific energy head, He, at any 

section upstream (or downstream) from the control section is greater 
than He,. Moreover, it can be shcwn that the friction head loss, hf, in 

conveying the discharge, Q, from the reservoir to the control section is 
the difference in the head, HP, over the crest and the critical specific 

energy head, He,, i.e. 

hf 2 IEp - He, (1) 

Writers discussing the hydraulics of spillways have often related Hp to 

either the parameter q = z or the parameter d, &. Since the relation 3 

of Hec vs IEp is more nearly independent of the values of Q and b than 

the relation of q vs HP or d,,, vs HP, this technical release uses Hec 

as the fundamental parameter instead of q or d,,, . Insight into the 

reason for the near independence of the relation of Hec vs Hp with re- 

spect to Q and b, as compared to the relation of either q vs s or 

dC,Q vs HpJ can be obtained by observing 

HP = dc,, 
Q2 + - + hf = Hec + hf 

2g a$ 
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From Eq. (2) it is evident that for a given Hec, the value of Hp 

is affected by the parameters which affect hf; for a given d,,, , the 

value of HP is affected by the parameters which affect the critical 

Q2 velocity head, - 
2g a$ ' 

and hf; and for a given q, the value of HP is 

Q2 affected by the parameters which affect d,,9 , - 
2g a? ' 

and hf. 

The near independence of the relation of Hec vs HP from Q and b is 

desirable since either Q, b, or both are often unknown prior to a 
reservoir routing. Although the relation of He, vs HP is nearly in- 

dependent of Q and b, one should observe there is a definite relation 
of Hec, Q, and b. 

Reference Section (b = 100 ft, z = 2, n = 0.04) 

Many of the parameters needed in spillway design can be readily evalua- 
ted for a preselected cross section. Writers have often evaluated para- 
meters for spillways on the basis of a preselected cross section of in- 
finite width. In this technical release a preselected spillway cross 
section of b = 100 ft and z = 2 with n = 0.04 was chosen as more nearly 
representative of actual spillways. This preselected cross section is 
called the Reference Section. 

Using the Reference Section it is possible to obtain values of certain 
parameters which are approximately correct for the actual cross section. 
The values of these parameters can be easily refined if thought desir- 
able. 

Principal Graphs 

Some parameters for the Reference Section can be evaluated by the four 
principal drawings described below. 

1. Permissible Hec vs exit channel bottom slope, so, with 

a family of permissible velocity, VP-curves. (ES-170) 

2. HP vs He, with a family of spillway length, L-curves, for 

selected bottom profiles. (ES-171) 

39 Critical slope, sc,V/4 vs Hec. (ES-172) 

4. Q vs Hec with families of spillway bottom widths, b, 

and critical depths, dc,a . (ES-1741 

Additional graphs are included to show the effects on these parameters 
when b, z, or n differs from that of the Reference Section. 



Permissible H,c for Various so and vp (ES-170) 

Velocities in structural spillways and spillways constructed in com- 
petent rock often are not of magnitudes which require attention. An 
earth or a vegetated spillway can have velocities in its exit channel 
of magnitudes which cause instability and require some foret,hought dur- 
ing design. The graphs of ES-170 pertain to this aspect of spillway 
design. 

The values given by ES-170 are the result of determining the critical 
specific energy head, He,, corresponding to a discharge, Q, which is 

equal to the normal discharge having a velocity of v p in an exit channel 

defined by the parameters so, n, z, and b. This Hec is the permissible 

H ec or the permissible critical specific energy head corresponding 

to the permissible velocity, vp, and exit channel bottom slope, so. 

The value of the permissible He, is increased by any one or any com- 

bination of the following changes in parameters: 

1. . decreasing so, 

2. increasing vp, and 

3* increasing n. 

The stage-discharge relation of a spillway is required in problems of 
reservoir routings. This relation is readily obtained through the 
range of discharges for which the spillway has a control section. In 
this technical release, when a spillway has a control section this 
range is frequently taken as Q/4 to Q. 

To ensure that a spillway, with z 2 1, has a control section over the 
range of discharges from Q/4 to Q (see He, vs sc,q4 - ES-l72), the 

slope, so, immediately downstream from the control section must be 

equal to or greater than sC,d4 and be of sufficient length to pre- 

vent tailwater effects at the control section. The maximumvalues of 
vp and n are established by the spillway site. Thus, given vp and n, 

a spillway with a control section for the range of discharges being 
considered has a maximum value of permissible He, when so = sC,q4. 

Frequently the value of so is not required to be greater than 0.04. 

Thus, if sc,q/4 > 0.04 and so is taken as 0.04, the break in grade is 

not a control section for all discharges in the interval Q/4 to Q. 

Table 1 shows, for a spillway having a control section for a range of 
discharges and for n = 0.04, the minimum values of so and the maxi- 

mum values of permissible He, corresponding to various values of vp. 
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Values of the exit channel bottom slope, so, were taken as sC,q4 

except when sCq4 > 0.04 in which case so was taken as 0.04. The > 
values of the permissible He, and minimum so for the Reference Sec- 

tion are shown in the shaded blocks. 

Table 2 shows, for a spillway having a control section for the range of 
discharges and for n = 0.04, the value of permissible He, obtained by 
using so = sC,W4 of the Reference Section in place of sCd40f a , 
non-Reference Section. 

Reference Section 
For the Reference Section, the relation of permissible Hec, vp, and 

so is given by ES-170, sheet 1. The drawing contains a curve which 

gives the relation of the critical specific energy head, He,, and 

the critical slope, sC a/4, where Q is the discharge corresponding 

to Hec* This curve wis obtained by equating the normal depth of flow, 

d n,g/4, to the critical depth, d,,d4, to establish the value of 

S&e/4’ 

Non-Reference Section 
n = 0.02. - When n = 0.02, the relation of permissible Hec, vp, and so 

is given by ES-170, sheet 2. The graph permits the evaluation of the 
permissible Hec for spillways with n = 0.02 in the exit channel. The 

three curves labeled sc,d4 for n = 0.02, n 7 0.03, and n = 0.04 are 
superimposed on this graph. The values of n = 0.02, n = 0.03, and 
n = 0.04 were used in determining the normal depth of flow, d, > 4/4, 

which was equated to the critical depth, d,,q/4to establish the vdue 

of s 
cd4 

where Q is in correspondence with the critical specific 

energy head, He,. 

n # 0.04 or 0.02. - When the value of n is neither 0.04 nor 0.02, the 
relation of the permissible Hec, vp, and so is given by ES-170, sheet 1 

0.04 2 by redesignating the abscissa as --n- [ 1 so or sheet 2 by redesignating 

0.02 2 the abscissa as n so. L- 1 
z #2, b #lOO ft. - The permissible Hec values for intervals of 

25 s b 5 400, 0 5 z I 4, 2 5 vp 5 15, and wide ranges of so and n can 
be evaluated by use of the information given in ES-177. 
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Table 1. Maximum values of permissible He, where n = 0.04 and 
so F sc,q4 but not > 0.04. 

V p = ft/sec, b = ft, z = ft/ft, He, = ft, so = ft/ft 

vP 5 6 7 z 
b 25 100 400 25 100 400 25 100 400 

o Hec 0.983 0.970 0.961 1.43 1.41 1.39 1.98 1.92 1.89 
SO 0.0375 0.0370 0.0369 0.0337 0.0327 0.0326 0.0306 0.0297 0.0295 

1 Hec 1.00 0.970 0.970 1.46 1.42 l-39 2.01 1.92 1.90 
SO 0.0366 0.0370 0.0367 0.0324 0.0325 0.0325 0.0293 0.0294 0.0293 

@@$.~;;;j; ~~~~~~~ 1.48 i~~~~~~~ . . . . . . ...'.. '.',..... ;::, .,. 1.40 2 He, 1.01 o-975 1 *9o 
SO 0.0364 0.0367 0.0321 X$~?$~~o. ‘..,.,.,. 0324 

",: g2588 
0.0293 

:., . . . . ‘.. :... ..::.. . ..(. :. . . . . .,.: .._.,.,.,.,.(., 

&l&yj ~~~~~:~~~ 

0.983 0.970 1.52 1.43 1.41 2.12 1.94 1.92 
0.0360 0.0367 0.0367 0.0316 0.0323 0.0324 0.0284 0.0291 0.0292 

4 He, l-05 0.989 o-977 1.55 1.43 1.41 2.19 1.98 1.92 
SO 0.0358 0.0366 0.0366 0.0313 0.0322 0.0322 0.0280 0.0290 0.0291 
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Table 2. Maximum values of permissible Hec where n = 0.04 and , so = s c&l/4 1 but not > 0.04. 
z=.z,b=loo 

V p = ft/sec, b = ft, z = ft/ft, He, = ft, so = ft/ft 

I I vi3 I 2 I 3 
z c 

4 

b 25 100 400 25 100 400 25 100 400 

o G, 0.203 0.202 0.202 0.402 0.398 0.396 0.652 0.643 0.641 
SO 

1 Hec 0.203 0.202 0.202 0.402 0.397 0.396 0.652 0.643 0.641 

SO 

4 Gc 0.205 0.202 0.202 0.407 0.399 0.397 0.666 0.647 0.642 
SO 

I-1 vP I 

I : 
5 

Z 

b 25 100 400 25 100 400 25 100 400 

0 Hec 0.990 0.970 0.962 1.46 1.42 1.40 2.02 l-93 1.90 
Sn 

3 %c 1.02 0.979 0.970 1.49 1.42 1.40 2.08 1.93 1.91 
SO 

4 Hec l-03 0.982 0.972 1.52 1.43 1.40 2.12 1.97 1.92 
SO 
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Approximate values of permissible He,, when 25 5 b 5 400 ana 0 5 z 5 4, 

may be obtained from ES-170, sheet 1. When they are so obtained, the 
maximum error can be ascertained from Table 1 for 2 5 vp 5 10. For ex- 

ample; if b = 30, z = 3 and vp = 6.0, ES-170 gives maximum permissible 

H ec = 1.42 ft. Table 1 shows that maximum permissible He, is less than 

1.52 ft since 25 < (b = 30) < 100. The error in the maximum permissible 
Hec is less than 0.1 ft. The error in obtaining the maximum permissible 

H ec from ES-170, sheet l'is the greatest for the higher values of vp and 

lower values of b. 

H ec vs I$, for Various Lengths, L (ES-171) 

Except for the higher values of vp and the lower values of so, the rela- 

tion of the permissible He, and the corresponding nexus of parameters 

(vp, so9 b, z, n) used in design of an earth or a vegetated spillway is 

nearly independent of Q and b. The relation of He, and HP is also nearly 

independent of Q and b. 

Reference Section 
For an He, and a length of spillway upstream from the control section, 

the corresponding vsJ.ue of HP is obtained from ES-171. The drawing con- 
siders only spillways having the Reference Section. Each sheet is for 
a bottom profile as specified by the case number. 

Effect of bottom profiles. - For a spillway with the Reference Section 
and of length, L, the effect of varying the bottom profile on the 
value of Hp corresponding to a particular value of He, can be ascer- 

tained from the various sheets of ES-171. Table 3 gives the values of 
friction head loss, hf, for spillways of various bottom profiles when 

the spillway length is 400 ft and He, = 4 ft. 
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Table 3. Values and the distribution of friction head 
loss, hf, for spillways of various bottom profiles 

H ec = 4.0 ft L = 400 ft n = 0.04 z=2 b =lOO ft 

Case HpY f-t h-f, f-t Lo, ft hfo' ft hf,, f-t 

4.62 

4.47 

4.71 

4.58 

4.91 

4.79 

4.61 

4.53 

0.62 

0.47 

0.71 

0.58 

0.91 

0.79 

0.61 

0.53 

30 

30 

50 

50 
100 

100 

50 

50 

0.28 

0.28 

0.40 

0.40 

0.65 

0.65 

0.40 

0.40 

0.34 

0.19 

0.31 

0.18 

0.26 

0.14 

0.21 

0.13 

Lo E length of horizontal portion of spillwsy - ft 

hf 3 total friction head loss in L, hf = hf, + hfl - ft 

hfo E friction head loss in Lo - ft 

hfl 
f friction head loss in L - Lo - ft 

The value of Kp varies between the extreme values of 4.47 ft (Case 3) 

and 4.91 ft (Case 6). 

The friction head loss, hf, varies between 0.47 ft and 0.91 ft. The 

major portion of the friction head loss, as is often true, occurs in 
conveying the discharge through the horizontal part of the spillway. 
For Case 3 and Case 6, the head loss, hfo, required to convey the dis- 
charge through the horizontal portion of the spillway is hfo = 0.28 ft 

and hf, = 0.65 ft, respectively. For Cases 3 and 6, hf, is over 

50 percent of the total head loss in the 400 ft long spillway. In 
Case 3 the head loss upstream of the horizontal part of the spillway 
is hfl = 0.19 ft h w ile in Case 6 this head loss is hf = 0.26 ft. 

1 

The left-most curve of Es-171 labeled either L = 30, 50, or 100 is 
related to the upstream section of the horizontal part of the spillway. 
At any particular Hec, the ratio of the distance from the left-most 

curve to the line for L = 0 to the distance from the curve for the 

spillway length, L, to the line for L = 0 is the ratio hfO -. For 
hf 
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example, using Case 6 and He, = 4.0 ft, the values of HP at L = 100 ft 

hfO and L = 400 ft are 4.65 ft and 4.91 ft. Thus - 0.65 kf = a = 71 percent. 

The ratio of the distance from the curves for L = 100 ft and L = 400 ft 
to the line for L = 0 is also 71 percent at Hec = 4.0. These graphs 

hfO give visually the proportion - 
hf l 

From Table 3 one can observe that the variation in the depth of the 
forebay upstream from the horizontal portion 
a negligible influence on the Hp value. For 

and Hec = 4.0 ft, the I$ value for Case 8 is 

HP value for Case 4. 

of the spillway often has 
example, when L = 400 ft 

0.10 ft smaller than the 

-He, vs I$, for bottom profiles differing from those in ES-171. - The re- 

lation of He, vs HP for spillways with bottom profiles differing from 

those given by ES-171 may be approximated by the use of ES-171; however, 
if a closer evaluation is desired, the relation may be obtained from 
the basic information given in ~~-158 and ES-159. 

~~-158 and ES-159 are for spillways with the Reference Section. The 
drawings, ~~-158 and ES-159, can be used in determining the relation 
Of Hec vs HP for spillways not having a control section. 

Non-Reference Section 
The friction head loss, hf, occurring in a spillway having a non-Reference 

Section and a bottom profile of either Case 1 or Case 2, as defined by 
ES-171, may be obtained from ~~-176. In ~~-176, the effect on the friction 
head loss is considered when the parameters n, b, and z are varied in the 
following ranges: 

1. 0.02 5 n 5 0.08, 

2. 25 5 b 5 400, and 

3. lSzS40 

Observe that for some curves in ~~-176 the maximum hf exists at values 

of SC < 15 ft. For example, see ~~-176, sheet 2, the curve labeled 

n = 0.04, L = 30 ft shows a maximum for hf at Hec < 15 ft. The first 

reaction by some is that this curve might be in error, since erroneously, 
"More water can be conveyed at less friction loss for Hec = 10 ft than 
for He, = 5 ft." One should recall that although the units of hf are 

generally given and viewed as feet, hf is actually a rate of energy 

loss per pound of water being conveyed, i.e. ft-lb/lb. Normally, 
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hydraulic computations involving energy relations are made on the basis 
of per pound of water and the term total energy loss us~~J.ly refers to 
the total energy loss for each pound of water. The total energy loss 
through the spillway in one second of time for all the pounds of water 
being conveyed is actually 62.4 Q hf. 

EYfect of Manning's n. - From ~~-176, sheets l-3, one can observe that 
the value of Manning's roughness coefficient, n, has considerable effect 
on the value of hf and hence HP' Sheets 1, 2, and 3 of ~~-176 can be 

used for the evaluation of the friction head loss, hf, when n # 0.04. 

When n # 0.04 and so = 0, the abscissa, (1, - Rx), of ~~-158, sheet 1 

may be redesignated 

n*(R, - lx) 
0.0016 (3) 

to evaluate the depth of flow at a section a distance, (1, -a,), up- 

stream from a control section. A similar redesignation of the abscissas 
of the sheets 2-8 of ~~-158 would be incorrect. 

Effect of bottom width, b. - As previously mentioned, for a particular 
value of He,, the value of b within the interval of 25 S b 5 400 has 

minor effect on the value of Hp. For Cases 1 and 2, the value of hf 

can be ascertained from ~-176, sheets 4 and 5 for any b within the 
interval 25 S b 5 400. 

Figure 1 shows, for z = 2 and Case 1, the maximum values of 

;H$--HH$lb=loo) 
for b = 25 ft and 400 ft, for the interval 

ec 5 15 and for various spillway lengths, L. 

m~imZm error in taking HJ 

For Case 1, the 

= g is less than 0.10 ft within the 

region 25 5 b 5 400, 30 5 Lb5 lOOO:'&d 0.45 5 He, 5 15. 

Figure 2 shows, for z = 2 and Case 2, the maximum error in taking 
Hiib =!ii~oo is less than 0.04 ft within the region 25 5 b 5 400, 

30 5 L 5 750, and 0.45 5 He, S 15. 
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Efect of side slope, Z* - For a particular value of Hec, the value of 

z, within the interval 1 5 z 5 4, has a minor effect on the value of Hp. 

For Cases 1 and 2, the value of hf can be ascertained for any z, within 

the interval 1 5 z 5 4, from ES-176, sheets 6 and 7. Figure 
for b = 100 and Case 1, the maximum values of ( 

3 shows, 

and 4 for the intervals 0.45 5 Hec 5 

q z - Hdzz2) for z = 1 

4.0 and 0.45 5 Qc 6 15 and for 

various spillway lengths, L. Figure 4 shows, for b = 100 and Case 2, the 
maximum error in taking qz = %I2 is less than 0.09 ft within the 

region 1 5 z I 4, 30 6 L 5 750, and 0.45 I He, I 15. 

+ 0.05 

c 

2 
0 

2 4 0.W 

F 

I 

P 

p 

-0.05 

-0.10 
404 mo 600 700 800 900 1000 

Spillway Length, L, ft 

Figure 1. Maximum values of ( 
gb - Kp)b=loo 

> for z = 2 and Case 1 

spillways of various lengths and in the interval 
0.45 5 He, 5 15.0 
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Figure 2. Maximum values of (H db - Hp]bzloo) for z = 2 and Case 2 

spillways of various lengths and in the interval 
0.45 5 &c 5 15.0 

Spillway Length, L, ft 

Figure 3. Maximum values of (Hd z - Hd,=,) for b = 100 ft and 

Case 1 spillways of various lengths and in the 
indicated intervals of He, 



Spillway Length, L, ft 

Figure 4. Maximum values of (H & - HI&=2 ) for b = 100 ft and 

Case 2 spillways of various lengths and in the 
indicated intervals 

Critical Slope Corresponding to Q/4 (ES-172) 

A control section exists at a break in grade if; 

1. the slope upstream from the break in grade is less than 
critical slope and is sufficiently long, and 

2. the slope downstream from the break in grade is greater 
than or equal to the critical slope, and is sufficiently 
long to prevent tailwater effects at the control section. 

Critical slope corresponding to the discharge, Q, is defined as that 
slope which causes the discharge, Q, to be conveyed as uniform flow at 
a depth equal to critical depth (i.e. dn,Q = dc,9)0 

The critical slope is associated with a discharge, Q, and when the dis- 
charge is changed, the critical slope is changed. Further, the depth of 
flow at the control section is the critical depth corresponding to the 
discharge, Q. 

For the range of b's, z's and depths of flow being considered in this 
technical release the critical slope usually decreases as the discharge 
is increased. When this is true, a control section is ensured for a 
range of discharges from Q/4 to Q if the slope immediately downstream 
from the control section is greater than or equal to the critical slope 
corresponding to Q/4. Symbolically the critical slope corresponding to 
Q/4 is written s,,~~ and is in correspondence with He, where Hec is in 

correspondence with Q. 
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Reference Section 
For an Hec the corresponding value of s~,~,, is obtained from ES-172. 

Non-Reference Section 
A control section is ensured for the range of discharges of Q/4 to Q 
in the regions 

(1) 1 5 z 5 4, 25 5 b I 400, and 0.45 6 He, I 15; 

(2) z = 0, 40 S b 5 400, and 0.45 5 He, 5 15; axi the region 

(3) z = 0, 25 5 b I 400, and 0.45 I H,, 5 9.8 

by taking the exit channel bottom slope so 2 s~,~~. 

When z = 0, b < 40, and 9.8 s Hec 6 15, taking so = sC q,+ does not 

ensure a control section for the range of discharges from Q/4 to Q. 

The relation of Hec vs sC,q/w for the lower values of He, but greater 

than 0.45, is nearly independent of Q and b for the range of values 
25 5 b 5 400 and 0 5 z I 4. 

Effect of n. - When the value of n # 0.04, z = 2, and b = 100, the 
critical slope, s~,~~, corresponding to an He, can be obtained by 

0.04 2 
redesignating the abscissa of ES-172, sheet 1 as n c 1 s c,Q/4 l 

men the value of n # 0.04, z = 0, and 25 I b 5 400, the critical slope, 

%,Q/4 ' corresponding to an Hec can be obtained by redesignating the 

abscissa of ~~-178, sheet 1 as 
sc,Q/4 l 

The value of sc q4 lz b for any n can be obtained from ~~-178, sheet 2, 

within the region 1 s'z 5 4, 25 5 b 5 400, and 0.45 s He, s 15. 

Effect of b and z. - The value of s,,~~ as obtained from ES-172, is 

in error by less than 0.001 within the region 25 5 b 5 400, 2 5 z 5 4, 
and 0.45 5 He, 5 15.0. 

The value of sC a/h for z = 0 and within the region 25 5 b 5 400 and 

0.45 5 He, 5 15'is given by sheet 1, ~~-178. 

The value of sC,q4 for any n and within the region 25 6 b 5 400, 

1 5 z 5 4, and 0.45 S He, _ s 15 is shown by sheet 2 of ~~-178. 

Values of s~,~,~, along with scte, for the extremes of the region 

25 s b 5 400, 0 5 z 5 4, and 0.45 5 He, s 15 are given in Table 4. 
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Table 4. Corresponding values of He,, sc,cl/4 and s~,~ 

n = 0.04 

H ec, f-t b, ft z ‘C,Q9 ft/ft 

0.45 25 0 0 004797 0 -03593 

0.45 400 0 0.04741 0.03488 

0.45 25 4 0.04735 o-03529 
0.45 400 4 0.04737 0.03484 

15 25 0 0.02126 0.02368 

15 400 0 0.01511 0.01154 

15 25 4 0.01523 0.01259 

15 400 4 0.01471 0.01111 

H ec vs Qc,d for various bottom widths, b 

(ES-173, 174, and 175) 

The CritiCd discharge, Qc,d, corresponding to the critical specific 

energy head, ~,, and bottom width, b, is shown by ES-173, 174, and 
175 when the side slopes are z = 0, 2, and 3, respectively. The corres- 
ponding critical depth, de,&, is also given. Thus, for a broad-crested 

spillway containing a control section, the discharge, Q, is equal to the 
critical discharge, &c,d, corresponding to Hec. When the spillway width, 

b, and the correspondence of Hp and 4, (as given by ES-171) are known 

for a particular spillway, the correspondence of HP and Q (i.e. spillway 

rating) is readily obtained. 

The fundamental relations involving Hec, &c,d, b, and z are 

2 

H d vC 

ec = C,Q 
+- 

2g 

H ec = 
(3b + 52 dc,c&c,Q 

2b + 4Z dC,Q 

For z = 0 the last relation reduces to 

(4) 

(5) 

(6) 

3 
Hec = 5 dc,Q (when z = 0) (7) 
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Further, 

&C = 0.4717 b [ 1 Qc,a 2’3 ( h wenz= 0) (8) 

+$ = 3.087 $c/” (when z = 0) (9) 

When z # 0, 2, or 3 
The parameters, z and b, can have considerable effect on the value of 
Q,d corresponding to a pa??tiCLIhr Critical Specific energy head, He,. 

When the critical discharge corresponding to a given He,, b, and z is 

to be determined, a direct solution may be made by solving Rq. (6) for 
d c,Q and then solving Eq. (4) for G,d. The solution for He, corres- 

ponding to Qc,d, z, and b is implicit. Roth of these solutions can be 

simplified by an approximation. The approximation is; if two trape- 
zoidal sections have equal critical specific energy heads, then the 
ratio of their corresponding critical discharges is approximately 
equal to the ratio of their average width at criiical depth.' When 
the side slopes of the trapezoid&L section are equal, this approxima- 
tion becomes, 

(& b+zdc 
q= b' + z'd; (when He, = H&) (10) 

When the approximation is based on a rectangular section (z' = 0) of 
width b' = loo', obtain from Rq. (7) 

d; = $ H& = g He, 

and substituting into Eq. (10) in which the approximation d, = di is 
used, obtain 

Qc b + d2 I&> 

T= 

1.5b + z Hec 
100 = 150 0-J. 

When the approximation is based on a rectangular section of width 
b' = 100 f-t, the error in the critical discharge, Qc, is readily ob- 
tained from ES-173, sheet 4, Figure 1. 

Ekamples 

Examples are usually given with each ES-drawing in this technical 
release illustrating the use of the drawing. Two examples are given 
in ES-179 illustrating the interrelation of the ES-drawings. 

%his approximation, in another form, was proposed by Mr. M. M. Gulp, 
Chief, Design Branch, Engineering Division, SCS; See Tentative 
Technical Release No. 2. 












































































































































































